Two new compounds named miliubisstyryl A and miliubisstyryl B were isolated from leaves and branches of Miliusa balansae Fin. & Gagn. (Annonaceae) in addition to octacosanoic acid. Their structures were elucidated by spectroscopic methods, especially 2D NMR spectroscopy. The rare cyclobutane skeletons of these compounds are derived from a styryl compound which is also present in this plant.
Introduction
The plant Miliusa balansae Fin. & Gagn. is a shrub of the family Annonaceae. This plant is used for gastropathy and glomerulonephropathy in Chinese traditional medicine [1] . From this plant three homogentisic acid derivatives, miliusate [1, 2] , miliusol and miliusolid [3] , four flavanones, two dihydrochalcones and two styryl derivatives [2] were isolated. In this paper the isolation and structure determination of two new bis-styryl compounds (2, 3) are described.
Results and Discussion
The extract of leaves and branches (MeOH-H 2 O 95 : 5) of M. balansae was partitioned between water and organic solvents of increasing polarity (n-hexane, EtOAc and BuOH). Three compounds were isolated from the EtOAc extract using column chromatography on silica gel. Besides octacosanoic acid, two new bisstyryl compounds named miliubisstyryl A (2) and miliubisstyryl B (3) were obtained. Their structures are closely related to the structure of the styryl derivative (2E, 5E)-2-methoxy-4-oxo-6-phenyl-hexa-2,5-dienoic acid methyl ester (1, C 14 H 14 O 4 ), which has been isolated from this plant and reported in a previous paper [2] .
Miliubisstyryl A (2) was isolated as needles. (+)-ESI-MS. The EIMS showed a weak molecular ion at m/z = 492 (0.9 %) and a base peak [M -C 6 H 7 O 4 ] + at m/z = 349. The 13 C NMR spectrum revealed only 14 carbon signals. Thus, compound 2 consisted of two equivalent C 14 H 14 O 4 moieties which had the same molecular formula like the previously isolated styryl derivative 1. 1 H and 13 C NMR data of compound 2 were similar to those of 1 [2] with two exceptions. Instead of the signals of the double bond C-5/C-6 in the spectra of 1, compound 2 exhibited two aliphatic methine groups (δ H = 3.94, 4.65; δ C = 54.1, 41.4). This indicated that compound 2 formally was a [2+2] cycloaddition dimer of compound 1 resulting in a cyclobutane ring with the linkage between the monomers at C-5 and C-6. Analysis of the CH long-range correlations from the HMBC spectrum and the NOE data from the NOESY experiment (Table 1) confirmed that the monomeric moiety of 2 was identical with compound 1 regarding of the missing ∆ 5 double bond. The existence of a symmetric dimer was further established by the fact that C-5/5 (δ C = 54.1) showed not only a direct correlation ( 1 J CH ) in the HMQC experiment but at the same time a long-range correlation ( 2,3 J CH ) to the protons at δ H = 3.94 (H-5/5 ) in the HMBC spectrum. Similarly, C-6/6 (δ C = 41.4) showed 1 J CH and 2,3 J CH correlations to the protons H-6/6 at δ H = 4.65. This dimer may have been formed by head-tohead (C-5-C-5 , C-6-C-6 connection) or head-to-tail (C-5-C-6 , C-6-C-5 connection) linkage. The kind of connection of the monomeric moieties could not be deduced from the CH long-range correlations because of the equivalence of both halves. The proton multiplicities were expected to be different for both isomers. In the head-to-head isomer, the 3 J HH coupling partners of each cyclobutane proton are one chemically equivalent proton and one non-equivalent proton. Thus the signal multiplicity should be influenced by only one large coupling constant, as couplings between equivalent protons usually do not appear in the 1 H NMR spectra. But H-5 and H-6 both appeared as multiplets of higher order similar to a double doublet with two large coupling constants [δ H = 3.94 (10.7, 7.4); 4.65 (10.7, 7.4)]. This is in correspondence with the structure of the head-to-tail isomer, where each proton is neighbored by two protons, which are non-equivalent. The relative configuration could be deduced from symmetry considerations. Among the 3 stereo isomers (3 pairs of enantiomers) with chemically equivalent protons (allcis; all-trans; 5,6-cis, 6,5 -trans, 5 ,6 -cis, 6 ,5-trans), only the latter one represents a AA XX spin system as observed in the 1 H spectrum, whereas the other two isomers are A 2 X 2 spin systems which would result in triplet signals for both H-5/5 and H-6/6 . Consequently, the structure of compound 2 was established as depicted in Fig. 1 : a symmetric head-to-tail dimer of the styryl derivative 1. In our opinion, compound 2 can not be an artifact, because the extraction and purification of this compound has been carried out under mild, neutral conditions. In addition, we could not isolate compound 2 from 1 after four weeks standing in the same solution.
Compound 3 was isolated as colorless crystals. The ESI-MS of this compound gave a molecular formula as In accordance with the molecular formula the 13 C NMR spectra showed 26 signals. Many of them had similar chemical shifts as those in compound 2 (C-1-C-12, C-7 -C-12 ). Together with a difference of 2 carbons compared to compound 2, these data suggested a similar structure of 3 with a cyclobutane with two phenyl groups and two aliphatic side chains where one side chain has 2 carbons less, so that the compound is no longer symmetrical. The structural identity of the longer side chain with that of compound 2 was proved not only by the very similar chemical shifts but also by the CH long-range correlations in the HMBC experiment and the NOE in the NOESY spectrum ( Table 2 ). The structure of the shorter side chain with the additional signals of a non-conjugated keto group at δ C = The carbons at δ C = 41.1 (C-6) and 41.3 (C-6 ) which were directly bound to the protons at δ H = 4.66 (H-6) and 4.65 (H-6 ), both showed long-range correlations to the aromatic protons and thus each carried a phenyl group. This was further confirmed by the high chemical shifts of H-6 and H-6 (δ H = 4.65/4.66), which were like those in compound 2 deshielded by the neighboring aromatic rings. The methin carbon at δ C = 54.1 (C-5) is connected to the (2E)-2-methoxy-4-oxobut-2-en-oic acid methyl ester side chain, as deduced from the long-range coupling of C-4 (δ C = 195.6) to H-5 (δ H = 3.89) and the NOE between H-5 and H-3 (δ H = 4.98). Finally, the NOEs between H-5 (δ H = 4.14) and the two methylene protons of the 3-oxopropionic acid methyl ester side chain at δ H = 2.75 and 3.01 (H 2 -3 ) indicated that this side chain is located at C-5 (δ C = 53.9). Full analysis of the CH long-range correlations (Table 2 ) confirmed this constitution. The relative configuration of the cyclobutane ring could not be deduced from the 2D NOESY experiment due to overlapping of H-6 and H-6 . Thus, one-dimensional DPFGSE-NOE experiments (Double Pulsed Field Gradient Spin Echo NOE) were carried out at 750 MHz: Upon irradiation of H-5 (δ = 3.89) a double doublet appeared in the NOE spectrum at δ = 4.66 (H-6), which was clearly distinguishable from that at δ = 4.65 = (H-6 ) which appeared upon irradiation of H-5 (δ = 4.14). Thus, H-5 is cis to H-6 and trans to H-6 , and H-5 is cis to H-6 and trans to H-6, resulting in the same relative configuration as suggested for compound 2. Further NOEs of H-5 to the aromatic protons H-8 /12 (δ = 7.29, d, 7.5 Hz) and of H-5 to H-8/12 (δ = 7.26, d, 7.7 Hz) confirmed this relative configura-tion and enabled the assignment of these overlapping aromatic signals. The very close correspondence of the coupling constants of the cyclobutane protons of compounds 2 and 3 additionally confirmed their identical relative configurations. The similarity of the structures indicated that both compounds were closely related in their biosynthesis with compound 1 as their precursor. 
Experimental Section

Extraction and isolation
The dried and ground leaves and branches (750 g) were extracted four times with MeOH-H 2 O (95 : 5) at r. t. The organic solvent was evaporated under reduced pressure and the residue extracted with n-hexane, EtOAc and n-BuOH successively, yielding n-hexane (15 g), EtOAc (19 g) and n-BuOH (11 g) extracts. The EtOAc extract was separated on a silica gel column (6 × 100 cm, 350 g, 230 -400 mesh) with solvents of increasing polarity (0 -100 % EtOAc in n-hexane) to yield 113 fractions. By eluting with 60 % EtOAc, fraction 81 (350 mg) was received. This fraction was crystallized from EtOAc to give octacosanoic acid (20 mg). Fraction 113 (150 mg, eluting with 100 % EtOAc) was fractionated on a silica gel column (1 × 35 cm, 20 g, 230 -400 mesh) with EtOAc-CHCl 3 (1 -2 % EtOAc) to give compounds 2 (13 mg) and 3 (5 mg).
